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@ A semiconductor device. 

§A semiconductor device with the function cf passing 
ctric current between a GaAs semiconductor layer (103) and 
an InOaAlP semiconductor layer (101) t^oth having the same 
conductivity type Is disclosed. The device Includes a higher 
carrier density region (102) with the carrier density equal to or 
more than SxlO''^ om*® and a thickness In a range from 400A to 
600A In at least a part of the InQaAtP layer (101) adjoining the 
QaAs layer (103). As a result, good ohmlc contact is achieved 
and the aemlconductor device has a lower operating voltage 
and a satisfactory thennal characteristic. 
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Description 



A SEMICONDUCTOR DEVICE 



The present invention relates to b semiconductor 
device and, more partlcuiariy, to a semiconductor 
device in whlcli an electric current Is passed s 
between a GaAs semiconductor layer and an 
InGaAlP semiconductor layer both having the same 
conductivity type. 

InGaAlP materials now receive widespread atten- 
tion as materials for light emitting devices in the io 
short wavelength range, these materials having the 
largest energy gap among alloys of group lll-V 
compound semiconductors, except for nitrides. In 
particular, those compositions capable of lattice 
matching with GaAs can offer satisfactory epitaxial is 
growth, with fewer crystal defects, by the metal 
organic chemical vapor deposition method (herein- 
after abbreviated as MOCVD method). 

When manufacturing light emitting devices and 
electronic devices which contain InGaAlP materials 20 
as active parts. It is a frequent practice to bring such 
materials Into contact with metals through GaAs, 
which is capable of lattice matching therewith for 
obtaining good ohmic contact (as described In 
"Applied Physics Letters," 48 (1986) P. 207. for 25 
example). However, the difference in energy cap 
between GaAs and InGaAlP materials is so large that 
discontinuous energy bands at the Interface cause 
large notches or splices that obstruct ohmlc Injection 
of electric current. In particular, a significant effect Is 30 
more Iil<ely to be observed in p-type heterojunctions 
in which holes of low mobility serve as carriers. 

One method for avoiding such an adverse effect is 
to dispose, between the GaAs layer and the InGaAlP 
layer, an InGaAlP layer having a lower Al composition 35 
ratio and an intermediate energy gap between those 
two layers, for the purpose of effecting the ohmlc 
Injection of electric current (as disclosed In Ja- 
panese Patent Lald-Open No. 62-200784 (1987), for 
example). However, the provision of such an 40 
InGaAlP intermediate energy gap layer does not 
necessarily offer an ohmlc characteristic. As a result, 
the voltage drop at the Interface can give rise to the 
problem of Increasing the operating voltage of the 
device. When applied to semiconductor lasers, the 45 
resulting overheating creates high temperatures that 
impair the oscillation characteristics. 

Thus, in an attempt to achieve ohmic contact 
through GaAs in a semiconductor device having its 
active part made of InGaAlP, good ohmlc contact 
between InGaAlP and GaAs Is not achieved and. 
hence, the device operating voltage Increases and 
Its thermal characteristic is degraded. 

It is therefore an object of the present Invention to 
provide conditions necessary for good ohmic eon- ss 
tact between semiconductor layers. 

This and other objects are accomplished by a 
semiconductor device that achieves good ohmlc 
contact between semiconductor layers, a low opera- 
ting voltage and a satisfactory thermal characteris- $0 
tic. An electric current Is caused to pass between an 
InGaAlP layer and a GaAs layer of the semiconduc- 
tor device, both layers being of the same conductiv- 



ity type, by providing In at least a part of the InGaAlP 
layer adjoining the GaAs layer, a higher carrier 
density region with the can-Ier density equal to or 
more than 5 x 10 17 cm-3 and a thickness in a range 
of 400 A to 800 A. 

Thus, according to the present invention, in a 
semiconductor device In which electric current is 
caused to pass between an InGaAlP layer and a 
GaAs layer both being of the same conductivity type, 
It becomes possible to achieve good ohmic contact 
and. as a result, provide a semiconductor device 
which has a low operating voltage and a satisfactory 
thermal characteristic. 

Embodiments of the invention will rKiw be de- 
scribed by way of example only and with reference lo 
the accompanying drawings, In which :- 

Fig. 1 1s a conceptual view of a semiconduc- 
tor device in accordance with one prefen^ed 
embodiment of the invention; 

Fig. 2 is a graph showing a characteristic 
curve of voltage drop across the interface 
between a GaAs layer and a higher carrier 
density region shown in Fig. 1 vs. a carrier 
density p of the higher carrier density region; 

Fig. 3 Is a graph showing a characteristic 
curve of voltage drop between the GaAs layer 
and an InGaAlP layer vs. thickness d of the 
higher carler density region shown in Fig. 1 ; 

Fig. 4 and Fig. 6 are cross-sectional views of 
semiconductor tight emitting devices In accord- 
ance with preferred embodiments of the Inven- 
tk>n: 

Rg. 5 Is a graph showing a characteristic 
curve of a maximum continuous oscliiatlon 
temperature vs. thickness d of the higher 
canier density region of the semiconductor 
light emitting device shown in Fig. 4. 
Details of the present Invention will be described 
below in connectton with the Illustrated embodi- 
ments. 

Fig. 1 is a conceptual view showing a first 
embodiment of the present Invention. A semicon- 
ductor device 100 has an lni.«^GayAUP (0 ^ ^ 1) 
layer 101. a higher carrier density region 102 In the 
hUK^yAlxP layer 101. and a GaAs layer 103. The 
layers are of the same conductivity type and are 
Illustrated as being p-type. It is important, partlcu- 
iariy in light emitting devices or the like, that 
Ini-x-yGayALiP layer 101 Is capable of lattice matching 
with GaAs layer 103, to assure the epitaxial layer 
grown on the GaAs layer of possibly perfect 
crystallinity. One example of composition ratios x.y 
meeting the above conditions is given by: 
X + y - 0.5 

Meanwhile, It has been found by experiment that 
whether a satisfactory current voltage characteristic 
can be obtained between the GaAs layer 103 and the 
Inj-x^GayAlKP layer 101, Is largely dependent on a 
carrier density p and a thickness d of the higher 
carrier density region 102. Rg. 2 shows the magni- 
tude of voltage drop across the interface between 
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GaAs layer 103 and the higher carrier density region 
102 with respect to the carrier density p. with an 
Injection cun-ent density 1 ka/cm^ applied to the 
device. With the carrier density of p ^ 5 x 10^^ cm-3. 
there is no voltage drop effect, and hence no 
problems of Increased operating voltage and gener- 
ated heat. However, If the carrier density is In- 
creased to enter a range of p > 3 x 10i» cm-3. the 
number of defects formed in the higher carrier 
density region is drastically Increased. A continuous 
performance test at 50 "C and 4 mW showed that a 
device with such a higher carrier density undergoes 
degradation failure after approximately 100 hours. 
This is quite Inferior In reliability to the value of 1000 
hours or more that is obtained with a carrier density 
of p ^ 3 X 10i> cm-3. The effect of the voltage drop 
resulting from a carrier density of p < 6 x 10^7 cm-s 
(Fig. 2) is so great as to bring forth an excessive 
Increase In operating voltage and ovartieating. 

It has also been found that a similar voltage drop 
effect is experienced when the thickness d of higher 
carrier density region 102 Is very thin. Fig. 3 shows 
the voltage drop between GaAs layer 102 and an 
InGaAlP layer 101 with respect to the thickness d of 
higher carrier density region 102. with an injection 
current density of 1 kA/cm' applied to the device 
and the canler density of the higher canrler density 
region equal to 1 x 10« cm"®. In a range of d < 400 
A, the voltage increases drastically. In a range of d S: 
400 A, the voltage drop gradually increased due to 
an Increase In the series resistance with the 
increasing layer thickness. 

As described above, the cunvnt-voltage charac- 
teristic between GaAs layer 103 and InOaAlP layer 
101 Is largely affected by the carrier density p and 
the thtekness d of higher carrier density region 102 
formed In InQaAlP layer 101 adjacent the Interface 
with GaAs layer 103, the carrier density p and the 
thickness d being required to fall In ranges of p ^ 5 x 
1013^ cm-« and d 400 A. respectively. As to the 
carrier density p, since the range of p > 3 x 10i« 
cm-3 will cause the above-described problem, p Is 
preferably maintained within a range of 6 x 10^^ cm-3 
S p S 3 X 1019 cm-3. 

Fig. 4 shows a semiconductor light emitting 
devkse according to a second embodiment of the 
present invention, and is a sectional view showing 
the schematic structure of a semiconductor laser In 
which a GaAs layer and an InGaAIP layer serve as an 
ohmic contact layer and a dad layer, respecth/ely. 
Referring to Fig. 4, the device comprises an n-GaAs 
substrate 401. Over substrate 401. there Is formed a 
double heterojunctlon comprising a n^nM.^xGalAI^ 
(0 ^ w,z ;S 1) clad layer 402, an In^MQatAUP (0 ^ 
s,t S 1) active layer 403, and a p-lnj. u.vGa^P (0 5 
u,v ^ 1) clad layer 404, the Junction serving as a light 
emitting active part Over the P-lnQaAIP clad layer 
404. there are formed a p-lnGaP (Inni^ayAlxP; 0 S 
x,y S 1) cap layer 405 and n-GaAs current 
restricting layers 406. in the order described, it is 
preferred that cap layer 405 contain no aluminum, 
he., x-O. Therefore cap layer 405 of the aperture 
portion between current restricting layers 406 is not 
oxidized even if cap layer 405 is exposed to the 
atmosphere. However, small amounts of aluminum 



may be present without adversely affecting the 
performance of the layer. A strip of n-GaAs current 
restricting layer 406 is selectively removed. A 
p-GaAs ohmic contact layer 407 Is formed over the 
5 portion of p-lnGaP cap layer 405 where the overlying 
n-GaAs current restricting layer 406 has been 
removed, and also over the remaining portions of 
n-GaAs current restricting layer 406. Furthermore, 
an electrode 408 is formed on the bottom of 
10 substrate 401 and an electrode 409 Is formed on the 
top of p-GaAs layer 407. Composition ratios of In, Ga 
and Ai are aet so that the respective layers 
constituting the double heterojunctlon and p-lnQaP 
cap layer 405 have their lattice constants substan- 
IS tially equal to that of the substrate, and clad layers 
402,404 have their band cap energies iarner than 
that of active layer 403. 

The strip of n-GaAs cun-ent restricting layer 406 
selectively removed has a width of 7^m and a cavity 
20 length of 300iun. In the case of providing p-lnQaP 
cap layer 405 with a canler density of 1 x lO^® cm-3 
and a thickness of 500 A. the semiconductor laser 
exhibited an oscillation threshold cun-ent of 70 mA In 
the pulse operation mode and 72 mA In the 
25 continuous operation mode. Thus. It has been 
proved that the change In oscillation threshold 
current caused by generated heat Is very small as 
compared with ,the value In the pulse operation 
mode. There has also been achieved a maximum 
SO continuous oscUlation temperature of SO'^C. This is 
attributable to the fact that no excessive voltage 
drop occurs across the heterojunctlon interfaces of 
p-GaAs/p^nGaP/p-lnGaAIP. and hence the opera- 
ting voltage at the oscillation threshold Is hold as low 
35 as 2-3 volts. Achievement of continuous oscillation 
at 90° C is a substantial improvement over the above 
described prior art devices. 

in the case of provided p-lnGaP cap layer 405 with 
a carrier density equal to 4 x 10^^ cm-s, the 
40 operating voltage exhibited a very large value of 3.0 
volt. Correspondingly, the generated heat In the 
continuous operation mode was Increased and the 
oscillation threshold current reached as high as 77 
mA. Also, the maximum continuous oscillation 
45 temperature was as low as 60" C. This may likely be 
attributable to the fact that the excessive voltage 
drop occurs across the heterojunctlon interfaces of 
p-GaAs/p-lnGaP/p-inQaAIP. 
Further, in the case of setting the cap layer 405 
so thickness equal to 250 A. even with the carrier 
density of p-lnGaP cap layer 405 set equal to 1 x lO^* 
cm-3, the operating voltage exhibited a vary large 
value of 3.0 volt. Correspondingly, the generated 
heat in the continuous operation mode Increased 
S5 and the oscillation threshold current reached as high 
as 77 mA. Further, the maximum continuous osdila- 
tlon temperature was a$ low as 60" C. In the case of 
Increasing the p-lnGaP cap layer thickness to the 
order of 1000 A, Instead of the above thickness, the 
60 maximum continuous oscillation temperaturB ex- 
perienced* was as low as 30* C due to Increases In 
both tiie thermal resistance and threshold current 
resulting from the current being more widely spread. 
as well as an increase in the generated heai rasuttlng ' 
65 from the increased series resistance. 



3 



EP 0334 637 A2 



6 



Fig. 5 shows the dependence of the maximum 
continuous oscillation temperature on a thickness d 
of p-InGaP cap layer 405. With the thickness falling In 
a range of 400 A S d S 800 A, the maximum 
continuous oaclllatlon temperature exhibited a high 5 
value of more than BO'C, the temperatures experi- 
enced outside that thickness range being substan- 
tially lower. Partlculariy, In a range of 400 A S d S 
600 A. the maximum continuous oscniatlon tempera- 
ture became more than 85"C, so that a very io 
satisfactory thermal characterfstic was observed. 
The achievement of continuous osolllaiion at these 
temperatures is a substantial Improvement over 
prior art devices 

Fig. 6 shows a semiconductor light emitting is 
device according to a third embodiment of the 
present invention, and Is a sectional view showing 
the schematic structure of a semiconductor laser in 
which a GaAs layer and an InQaAlP layer serve as an 
ohmic contact layer and clad layer, respectively. 20 
Referring to Fig. 6. the device comprises an n-QaAs 
substrate 601. Over substrate 601. there is formed a 
double heterojunction comprising an n-im^^Ga- 
tMwP (0 S w, z i 1) ciad layer 602. an ln^,.tGa»Al.P 
(0 S sA ^ 1) active layer 603, a p-ln^r.,Qa»AIrP (0 g 25 
r,s 5 1) first clad layer 604, a p-lnH>^GaqA!pP (0 ;^ 
p.q S 1) etching stopper layer 605 and a p-lniW^a- 
vAloP (0 ;S u.v < 1) second clad layer 606 being In 
strip form and convex In section, the Junction serving 
as a light emitting active part. Over the convex 30 
portions of p-inGaAIP second clad layer 606, there is 
formed a p-lnGaP (Im^t^QayAIxP; 0 :S x.y i 1) cap 
layer 607, It Is preferred that cap layer 607 contain no 
aluminum. I.e., x-0. However, small amounts of 
aluminum may be present without adversely affect- 35 
Ing the performance of the layer. In areas except for 
the convex portions of p-lnGaAlP clad layer 606. 
there are formed n-GaAs cun-ent restricting layers 

608. A p-GaAs ohmIc contact layer 609 is fonned 

over p-lnGaP cap layer 607 and n-GaAs current 40 
restricting layers 608. Furthermore, an electrode 610 
is formed on the bottom of substrate 601. and an 
electrode 61 1 is formed on the top of p-QaAs layer 

609. Composition ratios of In. Qa and Al are set so 

that the respective layers constituting the double 4$ 
heterojunction and the p-lnGaP cap layer 607 have 
their lattice constants substantially equal to that of 
the substrate, and the ciad iayere 602, 604, 606 
respectively have band gap energies larger than that 
of active layer 603. ^ 

The strip width and the cavity length were selected 
to be 5jim and SOO^im, respectively. The maximum 
continuous oscillation temperature of the semicon- 
ductor laser illustrated In Fig. 6 is dependant on both 
the carrier density and the thiokness of p-lnQaP cap 55 
layer 607. This dependency was found to be 
substantially Identical to that of the device having the 
structure of the second embodiment shown In Fig. 4. 
With respect to the device having the structure of 
the third embodiment, when fonning p-lnGaAlP clad €0 
layer 605 in strip form and convexed, It Is necessary 
to selectively remove p-lnGaP cap layer 607 except 
for areas corresponding to the convex portions of 
layer 606. When a mixed solution of Br2, HBr and 
H2O is employed for etching p-lnQaP cap layer 607, 65 



the etching rates of p-lnGaAIP clad layer 605 and 
p-lnGaP cap layer 607 tend to be partially increased 
In the vicinity of the strip projecting portions. For this 
reason, In order to achieve flat and satisfactory 
etching, It is desirable to minimize the thickness of 
p-lnQaP cap layer 607 and hence make as short as | 
possible the etching time necessary for removing 1 

p-lnQaP cap layer 607. The thickness of p-lnGaP cap \ 
layer 607 allowing such flat and satisfactory etchina 
was found to be less than 600 A. 

Although a semiconductor laser has been de- 
scribed as using p-lnQaP as the cap layer material In 
the foregoing embodiments, the cap layer may 
generally be formed of InQaAlP as well. In such a 
case, the cap layer is selected to have an energy gap 
smaller than that of the clad layer, so that the 
difference in energy gap between the cap layer and 
the GaAs layer Is reduced, thereby making It easier 
to obtain an ohmlc characteristic. Needless to say 
the present Invention is also applicable to any 
semiconductor devices, such as light emitting 
diodes and other electronic elements, which have a 
contact interface between an InGaAlP layer and a 
GaAs layer both having the same conductivity type, 
and having a function of passing an electric current 
through that Interface, in addition, the present 
Invention can be praicticed In other various modified 
forms without departing from the scope of the 
present Invention. 

As fully described above, according to the present 
Invention. In a semiconductor device In which 
electric current is caused to pass between an 
InGaAlP layer and a GaAs layer both having the same 
conductivity type. It becomes possible to achieve 
good ohmlc contact, and hence provide a semicon- 
ductor element which has low operating voltage and 
a satisfactory thermal characteristic. 

It will be apparent to those of ordinaiy skill In the 
art that various modifications and variations can be 
made to the above-described embodiments without 
departing from the scope of the appended claims 
and their equivalents. 



Claims 

1. A semiconductor device comprising: a 
GaAs layer (103) having a first conductivity 
type; and an lnt.j(.,GayAlxP (0 S x.y i 1) layer 

(101) of said first conductivity type In contact 
with said GaAs layer, wherein an electric 
current may pass between said layers; charac- 
terized In that a high carrier density region (102) 
of said first conductivity type with a canler 
density equal to or more than 5 x 10^7 cm-^ and 
a thickness In a range from 400A to 8O0A 
provided at least In part of said lnt.«^ayAlxP (0 
2 x,y ^ 1) layer (101) adjoining said GaAs layer 
(103) wherein said high can-ier density region 

(102) has a band gap energy equal to or less 
than the band gap energy of the remainder of 
said lni.x^QayAIxP layer (101 ). 

2. A semiconductor device according to 
claim 1, characterized In that said GaAs semi- 
conductor layer (103) and said Im-x-yGayAUP (0 
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^ x,y ^ 1) semiconductor layer (101) are both 
p-type. 

3. A semiconductor device according to 
claim 1, characterised in that said high carrier 
density region (102) has a canler density In a 
range from 5 x 10^^ cmr3 to 3 x 10^» cm-3. 

A semiconductor light emitting device com- 
prising: a double heterojunctlon structure hav- 
ing an n-type InHnwQaiAIwP (0 S S 1) clad 
layer (402). an lni^QatAI.P (0 < s.t < 1) active 
layer (403) and a p-type ln»W3avAluP (0 :S u, v 
^ 1) clad layer (404) ; and a p-type QaAs ohmlc 
contact layer (407) over said p-type Inni^a^- 
luP (0 S u.v s£ 1) clad layer (404); characterised 
In that a high carrier density region (405) formed 
of a p-type Innc^a^AlKP (0 S x.y :ff 1) and 
having a carrier density equal to or more than 6 
X 1(}" onr3 and a thickness In a range from 
400A to 800A provided between said p-type 
Inui-vGa^luP (0 ^ u,v ;S 1) clad layar (404) and 
said p-type GaAs ohmlc contact layer (407) 
^Therein said high carrier density region has a 
band gap energy equal to or less than said 
p-type clad layer (404). 

6. A semiconductor light emitting device 
according to claim 4. characterised In that said 
high can-ier density region (405) has a canler 
density In arange from 5 x 10^^ cnr^ to 3 x 10^* 



cm-3. 

6. A semiconductor light emitting device, 
comprising: a double heterojunctlon structure 
having an n-type in^w.,Ga,AlwP (0 i S 1) 
clad layer (602) an In^^QatAUP (0 S s.t S 1) 
layer (603); a first P type Inj^^Ga^IrP (0 S r,s 
^ 1) clad layer (604). a p-type Ini-p^QaqAlpP (0 
S pfl S 1) etching stopper layer (605) and a 
second p-type lnH>vQa^„p (O ^ u,v ^ 1) dad 
layer (608) In strip form; and a p-type GaAs 
ohmlc contact layer (609) over said second 
p-type InMHfQavAkiP (0 S u,v S 1) clad layer 
(606); characterised In that a high carrier 
density region (607) formed of a p-type lnu«^ 
QayAlxP (0 S x,y a; 1) and having a carrier 
density equal to or more than 5 x 10^^ cm-3 and 
a thickness In a range of 400A to 800A provided 
between saki second p-type lnH^,Ga^,p clad 
layer (606) and said p-type GaAs ohmlc contact 
layer (609) wherein said high carrier density 
layer has a band gap energy equal to or less 
than said second p-type clad layer (606) . 

7. A semiconductor light emitting device 
according to dalm 6, characterized in that said 
high canler density region (607) has a carrier 
density In a range from 6 x 10^7 ©m"® to 3 x 10^» 
cnr3. 
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